Invasive fungal infections are serious, often lethal diseases in severely immunocompromised patients \[[@CIT0001], [@CIT0002]\]. An autopsy study concerning fungal infection has demonstrated that *Candida* most commonly affects the gastrointestinal tract, while *Aspergillus* is more likely to affect the lung \[[@CIT0003]\]. Invasive pulmonary aspergillosis (IPA) is the primary cause of pulmonary mycosis in China \[[@CIT0004]\]. Invasive pulmonary aspergillosis can occur in patients with neutrophil deficiency, leukaemia or lymphoma, malignant tumours, or chronic obstructive pulmonary disease (COPD) with long-term corticosteroid use or bacterial exacerbations \[[@CIT0002], [@CIT0005], [@CIT0006]\]. Such fungal infections can lead to disseminated disease and death within weeks, and the mortality rate for untreated invasive aspergillosis is high \[[@CIT0007], [@CIT0008]\]. Therefore, increased awareness of invasive aspergillosis in non-traditional hosts is warranted due to the high mortality rate experienced by patients with this disease. Herein, we present a case of agranulocytosis that had invasive pulmonary aspergillosis accompanied by unusual maxillofacial soft tissue swelling.

Case report {#S0001}
===========

A 43-year-old, previously healthy male was referred with complaints of recurrent fever for over 20 days and a cough with expectoration of white purulent sputum for two days before admission. He had no known history of pulmonary diseases such as COPD, asthma, underlying diseases such as diabetes, hypertension, any other diseases or risk factors of immunological deficits such as chronic diseases or recurrent infections. He had no addictions such as taking drugs, smoking, or alcoholism. Fifty days prior to referral, the patient was diagnosed with hyperthyroidism and prescribed 30 mg/day of methimazole by an endocrinologist. The initial laboratory evaluation before treatment with methimazole revealed white blood cells were 7.03 × 10^9^/l (neutrophils 56.2%, lymphocytes 37.9%, and eosinophils 2.3%), haemoglobin 127 g/l, and platelets 206 × 10^9^/l. However, he did not review the blood test after taking methimazole until he exhibited a fever with a maximum temperature of 40°C accompanied by chills after taking methimazole for twelve days, and finished more than seven days of ineffective antibiotic treatment. With a white blood cell count of 0.7 × 10^9^/l and absolute number of neutrophilic granulocytes 0.01 × 10^9^/l, he was on admission in the Department of Haematology, and then he ended up taking methimazole. He was then administered granulocyte colony-stimulating factor (subcutaneous injection of 450 µg/day for 4 days), imipenem and cilastatin sodium, vancomycin, and caspofungin acetate for anti-infective therapy.

However, the patient\'s fever remained at 38°C and was accompanied by paroxysmal irritating cough and expectoration with white purulent sputum, and oral ulcers scattered, the skin of his left external nose and eyelid swelling, and the left nasal had acute congestion with white and yellow purulent secretions. A computed tomography (CT) of the chest revealing an air crescent sign ([Fig. 1 A](#F0001){ref-type="fig"}) is highly suggestive of infection by an angioinvasive fungus, most commonly *Aspergillus*. The patient was transferred from the Department of Haematology to Respiratory Medicine. The patient was conscious with no enlargement of superficial lymph nodes, maxillary sinus tenderness, or maxillofacial soft tissue swelling due to inflammation ([Fig. 2](#F0002){ref-type="fig"}). On the sixth day of hospitalisation, a laboratory test showed white blood cell count of 6.27 × 10^9^/l. *Aspergillus fumigatus* was detected in both fungal and bacterial culture of the patient\'s sputum. The fungal isolate demonstrated typical characteristics of *A. fumigatus*, including colony formation, abundant sporulation, and profuse growth. The conidia were nearly spherical and appeared similar to a chrysanthemum ([Fig. 3](#F0003){ref-type="fig"}). In addition, the concentration of the PLATELIA™ ASPERGILLUS Ag (BIORAD, California, USA) was 0.5 pg/ml, and the fungi (1, 3)-β-D-glucan detection system (Chinese Horseshoe Crab Reagent Manufactory Co., Ltd., Xiamen, China) detected 78.80 pg/ml of analyte. We diagnosed the patient with invasive *A. fumigatus* infection induced by agranulocytosis. He was administered voriconazole (0.4 g/day) intravenously in addition to symptomatic treatment. The patient\'s cough and expectoration were improving, and his temperature dropped to 37.4-38.8^o^C. Upon admission, review of the patient\'s blood showed that the white blood cell count was 4.44 × 10^9^/l (56.24% neutrophils, 30% lymphocytes, and 13.37% monocytes). On the 25^th^ day of hospitalisation, a repeat CT scan revealed that the oval nodules were smaller and the cavity had essentially disappeared ([Fig. 1](#F0001){ref-type="fig"} B); moreover, his maxillofacial ulcers had become encrusted and the soft tissue swelling had subsided. On the 35^th^ day of hospitalisation, the patient refused further hospitalisation and continued taking voriconazole orally (0.4 g/day) at home for two months. Two months later, a follow-up CT scan showed that the oval nodules were much smaller than in previous images ([Fig. 1](#F0001){ref-type="fig"} C). At the time of writing, the patient\'s temperature was almost normal, and a CT scan showed that the oval nodules had almost completely disappeared ([Fig. 1](#F0001){ref-type="fig"} D). The patient\'s nose remained deformed with no secretions, however.

![**A**) In the initial chest CT, a 'halo sign' and 'air crescent sign' are visible. **B**) CT during hospitalization. **C**) CT after 2 months of treatment. **D**) CT after 11 months of treatment](CEJI-40-50844-g001){#F0001}

![**A**) Inflammation of the bilateral ethmoid sinus and **B**) maxillary sinus. **C**) Thickening of soft tissue on the left side of the ala nasi in the paranasal sinus CT. **D**) Maxillofacial soft tissue swelling](CEJI-40-50844-g002){#F0002}

![Microscopic examination of *Aspergillus fumigatus* (**A**, 10× magnification), and microscopic examination revealing conidial heads (**B**, 40× magnification)](CEJI-40-50844-g003){#F0003}

Discussion {#S0002}
==========

In the present case study, invasive pulmonary aspergillosis occurred in an agranulocytosis patient as a result of methimazole administration. Granulocytopaenia and agranulocytosis are common side effects of methimazole treatment. The incidence of granulocytopaenia is 3-12%, while that of agranulocytosis is 0.1-0.6% \[[@CIT0009]\], which is the one of the primary causes of death due to hyperthyroidism. Although hyperthyroidism is a cause of neutropaenia, agranulocytosis induced by hyperthyroidism is not common. Moreover, the patient\'s leukocytes were within normal limits before taking methimazole. After he started taking methimazole and accepted the treatment, his white blood cell count returned to normal. There was no leukopaenia during followed-up of at least two years. Consequently, we considered that his agranulocytosis was caused by the treatment with methimazole.

*Aspergillus* is an opportunistic pathogen, and immunocompromised patients who have experienced the administration of immunosuppressive therapy or glucocorticoids for more than three weeks, have had allogeneic hematopoietic stem cell or solid organ transplantation, or have a congenital immune deficiency are at risk of infection with invasive aspergillosis \[[@CIT0010]\]. Recent evidence indicates that IPA can occur in patients without these factors; other relevant conditions include COPD, alcoholism, and severe sepsis \[[@CIT0011]--[@CIT0013]\].

Invasive pulmonary aspergillosis infections occur almost exclusively in immunocompromised patients \[[@CIT0010]\]. *Aspergillus fumigatus* is the most common agent for *Aspergillus* infection in humans, accounting for 70-80% of these infections \[[@CIT0014]\]. *Aspergillus fumigatus* spores are widely distributed in the environment. Most IPA is caused by inhaled *Aspergillus* spores, and the lower respiratory tract is the primary site of infection. Invasive pulmonary aspergillosis is seldom found on the skin, paranasal sinuses, gastrointestinal tract or other parts of the human body. This case also affected the paranasal sinus skin and lung tissue, which was likely caused when the skin infection spread to the lungs with the blood.

The definition of IPA in immunocompromised patients has recently been revised \[[@CIT0010]\]. However, accurate diagnosis of IPA is difficult because the typical signs and symptoms are nonspecific. Culture and microscopic analysis of respiratory tract samples, such as sputum and bronchoalveolar lavage fluid (BALF), exhibit a sensitivity and specificity of approximately 50% \[[@CIT0015]\]. A definitive diagnosis is obtained from tissue biopsies that demonstrate *Aspergillus* upon microscopic examination or in culture, and the endoscopic appearance of *Aspergillus* observed in this study is identical to observations from previous reports \[[@CIT0016]\].

Fever, dyspnoea exacerbation, cough, chest pain, and haemoptysis are the most common complaints of patients presenting with IPA. In this case, the patient had a fever lasting for more than 20 days, accompanied by paroxysmal irritating cough and expectoration with white purulent sputum for two days, with a weight loss of 13 kg, no chest pain, no haemoptysis, and no dyspnoea for the duration of disease. Computed tomography scanning and (1, 3)-β-D-glucan have predictive value for early diagnosis \[[@CIT0017]\], and the presence of (1, 3)-β-D-glucan in the BALF is particularly useful \[[@CIT0018]\]. In this case study, our patient\'s fungal infection was diagnosed through a combination of granulocytopaenia, serological tests (galactomannan antigen assay, 78.80 pg/ml) and radiography tests, with a 'halo sign' and 'air crescent sign' in a CT being highly suggestive of IPA. Finally, microbiological histological data (*A. fumigatus* was detected in both fungal and bacterial cultures of sputum) confirmed the diagnosis of invasive aspergillosis infection. Vascular invasion by this fungus resulted in a thrombosis of small-to-medium-sized vessels that caused ischaemic necrosis.

As the clinical signs and symptoms of IPA patients are not typical, the diagnosis depends on tissue culture and histopathological examination; however, those patients who nurtured the same fungus by lower respiratory tract secretions repeatedly, with high risk factors for fungal infections as well as the typical imaging features, could have a clinical diagnosis made. Thereby, the patients with high risk factors of fungal infections should accept antifungal therapy as soon as possible if the anti-bacterial infection therapy is ineffective. Antifungal pharmacotherapy with voriconazole or amphotericin B can improve the chance of survival for patients with IPA \[[@CIT0019]\]. Amphotericin B damages the kidney, however, so it is of limited use in the clinic. The antifungal medication triazole voriconazole is recommended as first-line treatment of IPA.
